tography o f e x t r a c t m a s m a o b t a i n e d 24 h r a f t e r d i r e c t i v i n j e c t i o n o f 38-25-08-~ t o t h e f e t u s m d lamb. The r e n a l ensymes 25-hydroxyvitamin D-1-h$droxylass and -24-hydroxylase were determined i n v i t r o by q u a n t i t a t i v e a s s a y .
INTRODUCTION

Recent s t u d i e s i n d i c a t e t h a t 25-hydroxyvitamin D (25-OH-D) and
.25-dihydmxyvitamin D (24,25-(OH)2D) r e a d i l y c r o s s t h e p l a c e n t a i n r a t s and man from mother t o f e t u s ( 8 , 9 , 1 0 , 1 5 ) , b u t t h a t v e r y l i t t l e 1,25-dihydroxyvitamin D (1.25 
-(0H)zD) is t h u s t r a n s p o r t e d i n r a t s , t h e o n l y s p e c i e s s o f a r s t u d i e d ( 1 5 ) . Metabolism o f 25-OH-D by t h e f e t u s i s p o o r l y understood. I t h a s been r e p o r t e d t h a t , when vitamin D-deficient pregnant r a t s were i n j e c t e d w i t h h-25-OH-D3
. 38-1825-(0H)2D3 c o u l d b e found i n m a t e r n a l and f e t a l t i s s u e ( 7 , 1 3 . 2 3 ) . The s o u r c e o f 3 8 -1 , 2 5 -( 0~)~~~ recovered i n t h e f e t a l t i s s u e h a s not b e e n -c l a r i f i e d .
We sought d i r e c t evidence o f t h e s y n t h e s i s o f 1 , 2 5 -( 0 8 )~D o r 24,25-(OH)2D by t h e sheep f e t u s and newborn lamb by a p p l y i n g two independent measures o f t h e a n i m a l ' s c a p a c i t y t o c o n v e r t 25-OH-D t o dihydroxyvitamin D. F i r s t l y , we examined t h e c o n v e r s i o n o f 25-OH-D t o 1.25-(OH)@ a f t e r i n j e c t i n g r a d i o a c t i v e 25-OH-D3 d i r e c t l y i n t o f e t u s e s o r newborn animals. Secondly, m e v a l u a t e d t h e c a p a c i t y of r e n a l t i s s u e from f e t u s e s and young lambs t o h y d r o x y l a t e 25-OH-D by d e t e r m i n i n g 25-hydroxyvitamin D-lhydroxylase (1-OHase) and 24-hydroxylase (24-OHase) a c t i v i t i e s i n v i t r o u s i n g a newly developed q u a n t i t a t i v e a s s a y ( 2 1 ) .
MTERIALS AND KTHODS
Bovine p a r a t h y r o i d hormone ( I n o l e x Corp., Park F o r e s t , S o u t h I l l ) d i s s o l v e d i n 0.01 M a c e t i c a c i d , was i n f u s e d i n t o t h e f e t u s of two ewes a t t h e r a t e of 3 . 0 USP Ufkglhr f o r 24 h r . Five uCi 3~-25-OH-DR were t h e n in.lected i n t r n v e n o u s l~. A r t e r i a l blood was withdrawn 24 h r l a t e r , e x t r a c t e d and chromatographed t o s e p a r a t e t h e vitamin Dg m e t a b o l i t e s a s i n d i c a t e d above.
IN VIVO 25-OH-D3 YETABOLISM IN LAMBS a ) Five lambs were d e l i v e r e d a t term f o r t h i s s t u d y . One lamb was s t u d i e d a t 2 d a y s o f a g e w h i l e it r e c e i v e d e w e ' s m i l k . Another lamb was s t u d i e d a t 23 d a y s o f a g e w h i l e i t f e d cow's milk s i n c e 3 days o f age. A t h i r d lamb was s t u d i e d a t 86 d a y s o f a g e , it had been weaned and was e a t i n g hay. The remaining two lambs were removed from t h e i r mothers a t 3 . and 1 9 d a y s a f t e r b i r t h . and f e d a s p e c i a l low-Ca, v i t a m i n D-free formula i h t e n d e d t o s t i m u l a t e 1-OHase a c t i v i t y . T h i s formula c o n s i s t e d o f 176 g s t r a i n e d lamb meat ( H e i n z ) , 22 g corn o i l , and 88 g d e x t r o s e , mixed w i t h water t o a volume of 1 l i t e r ; each d l of t h e formula provided 6 7 Kcal and c o n t a i n e d 1 . 0 mg Ca. 19.0 mg P , 1.Q g p r o t e i n , 3.4 g f a t , a n d 7 . 2 g CHO; it c o n t a i n e d no vitamin D.
Ten uCi o f 3~-2 5 -~~-~3 were i n j e c t e d i n t r a v e n o u s l y i n t o lambs o f 1 t o 85 d a y s o f a g e . Twenty-four h r a f t e r i n j e c t i o n , a blood sample was withdrawn-and t h e plasma e x t r a c t e d and chromatographed t o s e p a r a t e t h e v i t a m i n Dg m e t a b o l i t e s a s i n d i c a t e d above.Samples t a k e n e a r l i e r t h a n 24 h r a f t e r i n j e c t i o n o f 38-25-OH-D3 gave q u a l i t a t i v e l y s i m i l a r r e s u l t s b u t w i t h somewhat s m a l l e r % y i e l d s o f 3H-dihydroxylated m e t a b o l i t e s . b ) I n a n o t h e r experiment, t h e e f f e c t o f calcium and vitamin D d e p r i v a t i o n on ~H -~~-O B -D~ metabolism was i n v e s t i g a t e d f u r t h e r i n 2 p a i r s o f lambs. I n one p a i r t h e lambs were t w i n s ; i n t h e o t h e r , t h e lambs were born a t a proximately t h e same time t o d i f f e r e n t ewes. The s m a l l e r o f eac! p a i r was s u c k l e d by t h e mother throughout t h e experiment; t h e o t h e r was f e d t h e low-calcium, vitamin D-free formula s t a r t i n g i n one animal a t 3 days o f a g e , and i n a n o t h e r a t 1 7 days o f age.
Ten "Ci o f 3 8 -2 5 -0 8 -~~ ( 9 Cifmmol) were i n j e c t e d t o e a c h lamb a t t h e t i m e o f b i r t h . Plasma samples were drawn s e r i a l l y up t o 35 d a y s a f t e r i n j e c t i o n and l i p i d e x t r a c t s o f t h e samples were chromatographed.
c ) An experiment t o i d e n t i f y 3~-d i h y d r o x y v i t a m i n D3 m e t a b o l i t e s found i n plasma, i n t e s t i n e and kidney mitochondria was c a r r i e d o u t i n an a d d i t i o n a l lamb f e d t h e low-Ca, vitamin D-free d i e t from 16 t o 35 days o f age. At 34 days o f a g e , 1 0 uCi 38-25-0H-D3 m r e i n j e c t e d i n t r a v e n o u e l y . and 24 h r l a t e r t h e animal was exsanguinated under a n e s t h e s i a . The kidneys were removed i n m e d i a t e l y and mitochondria p r e p a r e d f o r s t u d y o f 25-OH-D3 metabolism i n v i t r o a s d e s c r i b e d below. L i p i d e x t r a c t s ( 1 ) o f plasma, i n t e s t i n e ( ' j e j u n u m ) and mitochondria were s u b m i t t e d t o high-pressure l i q u i d chromatography u s i n g a Waters L i q u i d
Chromatograph f i t t e d w i t h a 6 . 2 nm x 25 cm Zorbnx-Sil column.
Development was w i t h 80/10/10 hexane, methanol, methylene c h l o r i d e a t a flow r a t e o f 2 ml p e r min. F r a c t i o n s were analyzed by W absorbance a t 254 nu and r a d i o a c t i v i t y was measured i n a Beckman Liquid S c i n t i l l a t i o n Counter.
ASSAY OF PLASMA 25-OH-D
Plasma 25-OH-D c o n c e n t r a t i o n s were measured by a bindingp r o t e i n a s s a y ( 1 1 ) .
IN VITIM ASSAY OF 1-OHASE and 24-OHASE ACTIVITIES IN FETUSES AND urns
Enzyme d e t e r m i n a t i o n s were made on t h e kidneys o f 5 f e t u s e s and 4 lambs. The f e t u s e s were d e l i v e r e d by c e s a r i a n s e c t i o n and were exsanguinated b e f o r e t h e i r k i d n e y s were removed. The lpmbs were a n e s t h e t i z e d w i t h 300 mg Nembutal i v , t h e y were t h e n e x s r n g u i n a t e d and t h e k i d n e y s were removed. S l i c e s were t a k e n f m m t h e o u t e r 0.5 cm o f t h e d e c a p s u l a t e d kidney; 2-5 g of t i s s u e were taken p e r p a i r of k i d n e y s . The t i s s u e was homogenized w i t h a motor-driven Potter 
a t room t e m p e r a t u r e . The p r e p a r a t i o n o f kidney mitochondria and a s s a y o f t h e 25-OH-D hydroxylases was c a r r i e d o u t a c c o r d i n g t o t h e r e c e n t 1 p u b l i s h e d method o f Vieth and F r a s e r ( 2 1 ) . A l l enzyme a c t i v i t i e s a r e t h e means o f a t l e a s t t h r e e r e p l i c a t e d e t e r m i n a t i o n s .
FETUSES F e t u s e s o f S u f f o l k Cross ewes were s t u d i e d i n s i t u . G e s t a t i o n a 1 DISAF' F' EARANCE RATES OF INJECTED 3H-V1TAM1N METABOLITES I N
a g e ranged from 131 t o 1 4 3 d a y s (normal g e s t a t i o n = 146 days).The ewes were r a i s e d on t h e I n s t i t u t e ' s experimental farm and were The c o n c e n t r a t i o n o f t h e 3H-dihydroxy m e t a b o l i t e o f vitamin Dg f e d t h e i r u s u a l d i e t o f hay, c o r n g r a i n s , and molasses. They were "l represents a between the amount O f brought t o t h e Animal F a c i l i t y o f t h e H o s p i t a l f o r S i c k C h i l d r e n by the kidney and the rate at which the s e v e r a l d a y s b e f o r e t h e experiment. Under h a l o t h a n e a n e s t h e s i a , is r e w v e d from t h e plasma compartment. To e s t i m a t e t h e l a t t e r p a r t i a l c e s a r i a n s e c t i o n was performed and t h e c a r o t i d a r t e r y we s t u d i e d t h e d i s a p p e a r a n c e r a t e s o f 3~-25-0~-~3,38-24,25-(0~~~:
and e x t e r n a l j u g u l a r v e i n of t h e f e t u s ( o r one o f t w i n s ) were and 3H-1,25-(C8)2~ from plasma a f t e r i n t r a v e n o u s i n j e c t i o n o f c a n n u l a t e d ( 4 ) ; t h e venous cannula was f o r i n j e c t i o n i n t o t h e each o f t h e s e m e t a g o l i t e s s e p a r a t e l y i n t o two 4-month o l d lambs.
f e t u s and t h e a r t e r i a l cannula was f o r blood samp1ing.Heparinized ~~i o~f b~~b~~~~t~ ~~~~~ s a l i n e was i n f u s e d c o n t i n u o u s l y a t a r a t e o f 4 ml p e r 24 h r t o m a i n t a i n patency of t h e c a n n u l a s . We c a r r i e d o u t SUL--4uent v e i n 1 0 min l a t e r . T h i s v a l u e was taken a s 100% o f i n i t i a l experiments a f t e r t h e ewes had recovered completely from r a d i o a c t i v i t y . T h e r e a f t e r 3 ml blood samples were o b t a i n e d a t a n e s t h e s i a . u s u a l l y 24 t o 48 b r a f t e r t h e o p e r a t i o n . s e v e r a l o t h e r t i m e s and s u b j e c t e d t o e x t r a c t i o n , chromatography and r a d i o a c t i v e c o u n t i n g . From t h e s e r e s u l t s we p r e p a r e d
IN VIVO 25-OH-D LlETABOLISM IN FETUSES d i s a p p e a r a n c e c u r v e s o f t h e t h r e e s u b s t a n c e s .
Four s e p a r a t e f e t u s e s were used. Five uCi o f [ 2 6 ,~7 -~~] -25-OH-D (11.7 uCifmmol; Amersham S e a r l e , Chicago, I l l ) were i n j e c t e + n o t d e t e c t a b l e , 1 . e . e0.28 o f 3~ on TLC. Renal 24-OHase and 1-0Hase a c t i v i t i e s i n lambs a r e shown i n Table 4 . Lambs f e d cow's milk o r hay showed o n l y 24-0Hase a c t i v i t y . Lambs f e d t h e low-Ca, vitamin D-free formula f o r 11 d a y s had b o t h 1-OHase and 24-OHase a c t i v i t i e s , w h e r e~s t h e lamb f e d t h e formula f o r 18 days had o n l y 1-OHase a c t i v i t y . F i g s . l a and b show t h e r e s u l t s o f chromatography o f s e r i a l lasma samples t a k e n from two p a i r s o f lambs i n j e c t e d w i t h %-25-OH-D3 a t b i r t h . I n b o t h experiments, t h e lambs maintained on t h e i r mother's m i l k produced o n l y 38-24,25-(0H)~D~; t h e lambs f e d t h e low-Ca, v i t a m i n D-free d i e t showed s h a r p l y i n c r e a s e d + low-calcium, vitamin D-free formula. + n o t d e t e c t a b l e : 0.01 pmoles (mg x min)-' I n vivo s t u d i e s were c a r r i e d o u t i n t h e l a t t e r two a n i m a l s a t 11 and 35 d a y s o f a g e (See Table 3 ) .
i through t h e venous c a t h e t e r i n t o two f e t u s e s . A r t e r i a l blood (6-12 ml a c c o r d i n g t o f e t a l s i z e ) was withdrawn 24 h r l a t e r and t h e plasma was submitted t o l i p i d e x t r a c t i o n ( 1 ) and chromatographed by t h e continuous-development TLC method o f Vieth e t a 1 (21) t o s e p a r a t e t h e v i t a m i n Dg m e t a b o l i t e s . Metabolism was RESULTS
3~-2 5 -~~-~3 METABOLISM IN FETUSES The r e s u l t s o f t h e s t u d y o f 3~-2 5 -~~-~3 metabolism i n sheep
f e t u s e s i n vivo a r e shown i n
F e t u s e s s t u d i e d i n s i t u had plasma calcium (Ca) and phosphorus ( P i ) l e v e l s h i g h e r than t h o s e o f t h e mothers. The chromatographic a n a l y s i s o f plasma e x t r a c t s from t h e f e t u s showed 3H-24,25-(0HhD3 a s t h e o n l y d e t e c t a b l e m e t a b o l i t e . Only a t r a c e o f r a d i o a c t i v i t y was observed i n maternal plasma; t h i s was p r e s e n t a s 38-25-OH-D3 i n d i c a t i n g t h a t t h e r a d i o a c t i v e m e t a b o l i t e s observed i n t h e f e t u s o r i g i n a t e d i n t h e f e t u s . PTH i n f u s i o n i n t o two f e t u s e s r a i s e d t h e plasma Ca b u t d i d n o t d e c r e a s e plasma P i c o n c e n t r a t i o n s . PTH d i d n o t change t h e p a t t e r n o f v i t a m i n D metabolism.
Renal 24-OHase and 1-OHase a c t i v i t i e s i n t h e sheep f e t u s e s were were c o n s i s t e n t w i t h t h e i n v i v o o b s e r v a t i o n s ( T a b l e 2 ) . The o n l y 25-OH-D m e t a b o l i z i n u enzvme t h a t c o u l d b e d e t e c t e d was 24-OHase.
. . . .
. . (e) and 3H-24,25-(0H)2D3 ( 0 ) . l e v e l s o f % -2 4 , 2 5 -( 0~)~~~ i n plasma a f t e r t h e s p e c i a l d i e t was i n t r o d u c e d . The i n c r e a s e s i n 3H-24, 25-(OH)2D3 were g r e a t e r t h a n could b e accounted f o r by t h e i n c r e a s e i n s p e c i f i c a c t i v i t y Of s u b s t r a t e due t o f e e d i n g t h e vitamin D-free d i e t . I n t h e experiment shoaq i n F i g . l a , t h e lamb f e d t h e low-Ca, vitamin Df r e e d i e t from 3 days o f a g e d i e d a t 1 2 d a y s o f a g e , without d e t e c t a b l e 3~-1 . 2 5 -( 0 8 )~~~ i n t h e plasma. I n t h e second experiment ( F i g l b ) , t h e lamb f e d t h e low-Ca, vitamin D-free formula from 1 7 d a y s o f a g e had 3H-l,25-(OE)2D3 i n plasma 1 7 d a y s l a t e r . The kidneys from t h i s lamb had abundant l-OHase a c t i v i t y and showed no 24-OHase a c t i v i t y , whereas t h e milk-fed member o f t h e p a i r had o n l y 24-OHase a c t i v i t y .
The p r o d u c t i o n o f 3~-1 , 2 5 -(~~) 2~3 was v e r i f i e d i n a n o t h e r lamb i n which t h e same d i e t a r y m a n i p u l a t i o n was c a r r i e d o u t and t h e metabolism o f 3 8 -2 5 -0 8 -~~ was s t u d i e d i n g r e a t e r d e t a i l .
Chromatograms showing t h e p a t t e r n s o f r a d i o a c t i v i t y i n e x t r a c t s o f plasma and i n t e s t i n e , and i n t h e kidney m i t o c h o n d r i a l enzyme a s s a y a r e shown i n Fig. 2 . A f t e r 1 9 days o f f e e d i n g w i t h t h e lor-Ca, v i t a m i n D-deficient formula, t h e kidney mitochondria produced 3~-1 , 2 5 -( 0~)~~ ( F i g 2 c ) . T h i s m e t a b o l i t e was a l s o p r e s e n t i n t h e l i p i d e x a r a c t s o f plasma and i n t e s t i n e ( F i g 2 b and d). There was a s i g n i f i c a n t a w u n t of 3 8 -2 4 , 2 5 -( 0~) 2~3 i n t h e lasma, y e t s u r p r i s i n g l y t h e r e was l i t t l e evidence o f $i-24,25-(OH)2D3 p r o d u c t i o n i n t h e r e n a l m i t o c h o n d r i a l i n c u b a t i o n . T h i s f i n d i n g s u g g e s t s t h e p o s s i b i l i t y o f e x t r a r e n a l s y n t h e s i s of 24,25-(0H)zD.
The r a t e s o f d i s a p p e a r a n c e of 3~-25-(~~)2~3,3~-1,25-(OH) 
-( 0~)~~~ and ~H -~~-o H -D~
were 7-10 h r , and t h e amounts remaining i n plasma a f t e r 3 d a y s were approximately 20%. The r a p i d d i s a p p e a r a n c e o f 1,25-(08)2D3 from plasma h e l p s t o e x p l a i n t h e low l e v e l s o r absence o f 3~-1 , 2 5 -( 0 8 )~~~ observed i n a n i m a l s (Table 3 ) whose k i d n e y s showed 1-0Hase a c t i v i t y (Table 4 and F i g . 2 ) . were each i n j e c t e d s e p a r a t e l y i n t o two lambs. f f g e r i n j e c t i o n blood was drawn s e r i a l l y s t a r t i n g a t 1 0 min (100% i n i t i a l m e t a b o l i t e ) .
